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,W KDV EHHQ SURSRVHG WKDW D VSRQWDQHRXV GHOHWLRQ LQ WKH QLFRWLQDPLGH QXFOHRWLGH
WUDQVK\GURJHQDVH Nnt JHQH HOLPLQDWLQJ H[RQV  LQ&%/- %-PLFH LV DVVRFLDWHG
ZLWKUHGXFHGJOXFRVHVWLPXODWHGLQVXOLQVHFUHWLRQin vitro, LPSDLUHGJOXFRVHWROHUDQFHKLJKHU
HSLJRQDGDOIDWPDVVDQGDOWHUHGVXVFHSWLELOLW\WRGLHWLQGXFHGREHVLW\',2RIPDOH%-PLFH


























&%/- %- DQG&%/1 %1 VWUDLQ  EXW WKHPRVW SURPLQHQW DQG LQYHVWLJDWHG
JHQHWLF YDULDWLRQ EHWZHHQ WKH FRUH LQEUHG PRXVH VWUDLQV B6J DQG %1 UHODWHV WR WKH




PDWUL[ DQGFRQWDLQ WKH1$'+ DQG1$'3+ELQGLQJGRPDLQV UHVSHFWLYHO\7KH VHFRQG
FRQVLVWVRIWUDQVPHPEUDQHVSDQQLQJKHOLFHVDQGKDUERUVWKHSURWRQFRQGXFWLQJSRUH,Q









EHWZHHQ &%/17DF DQG &%/-5M VXEVWUDLQV DQG FRQILUPHG DGGLWLRQDO JHQHWLF
GLVSDULW\ LQ WHUPV RI  613 ORFL  7KH &%/-5M VWUDLQ ZDV IRXQG WR EH SURWHFWHG
DJDLQVW',2LQGHSHQGHQWIURPSK\VLFDODFWLYLW\DQGIRRGLQWDNH%DVHGRQWKHVHGDWDIURP














IOXFWXDWLRQV RIPRUH WKDQ  RI WKH ERG\ZHLJKW IRU DW OHDVW WKUHHPRQWKV EHIRUH VXUJHU\












+XPDQ NNT P51$ ZDV PHDVXUHG E\ TXDQWLWDWLYH UHDOWLPH 573&5 XVLQJ WKH 7DT0DQ
DVVD\ +VBP DQG K\SR[DQWKLQH JXDQLQH SKRVSKRULERV\OWUDQVIHUDVH +357
 
+VBPDVKRXVHNHHSLQJJHQHDQG IOXRUHVFHQFHZDVGHWHFWHGRQDQ$%,35,60
 VHTXHQFH GHWHFWRU $SSOLHG %LRV\VWHPV 'DUPVWDGW *HUPDQ\ +XPDQ NNT JHQH
H[SUHVVLRQ ZDV GHWHUPLQHG E\ WKH VWDQGDUG FXUYH PHWKRG DQG QRUPDOL]HG WR WKH KRXVH
NHHSLQJJHQH+357DVSUHYLRXVO\GHVFULEHGJRIWRWDO51$75,]RO5HDJHQWE\
/LIH7HFKQRORJLHV*UDQG,VODQG1<IURPSDLUHGVXEFXWDQHRXVDQGYLVFHUDODGLSRVH WLVVXH
VDPSOHV ZDV UHYHUVH WUDQVFULEHG ZLWK VWDQGDUG UHDJHQWV /LIH 7HFKQRORJLHV *UDQG ,VODQG
1< DV VKRZQ HOVHZKHUH  4XDQWLWDWLYH UHDOWLPH UHYHUVH WUDQVFULSWLRQ3&5 ZDV
SHUIRUPHGIRUHDFKVDPSOHLQGXSOLFDWHZLWKWRWDO51$î7DT0DQ8QLYHUVDO0DVWHU0L[QR
$PS(UDVH 81*  XQLWV RI PXULQH OHXNHPLD YLUXV UHYHUVH WUDQVFULSWDVH ERWK IURP
$SSOLHG %LRV\VWHPV DQG JHQHVSHFLILF SULPHUVSUREH VHWV XVLQJ DQ $%, 35,60 
VHTXHQFHGHWHFWRU$SSOLHG%LRV\VWHPVF'1$VDPSOHVZHUH LQFXEDWHGLQ WKH$%,35,60
VHTXHQFHGHWHFWRU IRUDQ LQLWLDOGHQDWXUDWLRQDW&IRUPLQ IROORZHGE\3&5
F\FOHVHDFKF\FOHFRQVLVWLQJRI&IRUV&IRUPLQDQG&IRUPLQ$FFXUDF\
RI51$TXDQWLWDWLRQZDVRSWLPL]HGE\JHQHVSHFLILFSULPHUSUREHVHWVWKDWVSDQLQWURQH[RQ





XVLQJ WKH 6WDWLVWLFDO 3DFNDJH IRU 6RFLDO 6FLHQFH YHUVLRQ  6366 &KLFDJR ,/ /LQHDU







VKRZQNNT JHQH H[SUHVVLRQ LQ VXEFXWDQHRXV DQG YLVFHUDO DGLSRVH WLVVXHZDV FRPSDUDEOH
)LJXUH$7RH[FOXGHDSRWHQWLDOHIIHFWRI LPSDLUHGJOXFRVHPHWDEROLVPRQNNTP51$
H[SUHVVLRQ ZH VHOHFWHG D KHDOWK\ VXEJURXS RI OHDQ %0,  NJP PHQ N    DQG
ZRPHQ N   ZLWK QRUPDO JOXFRVH WROHUDQFH 1*7 /LNHZLVHNNTP51$ H[SUHVVLRQ
ZDV HTXDO LQ YLVFHUDO DQG VXEFXWDQHRXV DGLSRVH WLVVXH )LJXUH % &RPSDULVRQ RI NNT
P51$ H[SUHVVLRQ LQ VXEJURXSV RI %0,  RU !NJPð UHYHDOHG VLJQLILFDQWO\ KLJKHU
YLVFHUDONNTP51$ H[SUHVVLRQ LQ WKH REHVH VXEJURXS )LJXUH & ,Q FRQWUDVW WR YLVFHUDO
NNT H[SUHVVLRQ VF NNT P51$ H[SUHVVLRQ ZDV QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ %0,
VXEJURXSV)LJXUH':HIRXQGDVLJQLILFDQWFRUUHODWLRQEHWZHHQVXEFXWDQHRXVDQGYLVFHUDO
NNT JHQHH[SUHVVLRQ)LJXUH(r P )XUWKHUPRUHYLVFHUDONNTP51$
H[SUHVVLRQZDVQRWGLIIHUHQWEHWZHHQWKHQRUPDOFRQWURODQGW\SHGLDEHWHVVXEJURXS)LJXUH
)
8QLYDULDWH FRUUHODWLRQ DQDO\VHV RI WKH HQWLUH VWXG\ SRSXODWLRQ LGHQWLILHG VLJQLILFDQW
FRUUHODWLRQV EHWZHHQ YLVFHUDO EXW QRW ZLWK VXEFXWDQHRXVNNT JHQH H[SUHVVLRQ DQG %0,
U  S  ERG\ IDW U  S  ZDLVW DQG KLS FLUFXPIHUHQFHV ZDLVW
U S KLSU S VFDQGYLVFHUDOIDWDUHDVFU S YLV
U  S  DV ZHOO DV IDVWLQJ SODVPD LQVXOLQ  U  S  DQG OHSWLQ VHUXP
FRQFHQWUDWLRQV  U  S  7DEOH 7KHUHZDVQR FRUUHODWLRQ EHWZHHQNNT JHQH
H[SUHVVLRQDQGDJHOLSLGV+E$FDQGIDVWLQJSODVPDJOXFRVH7DEOH$IWHUDGMXVWLQJIRU
DJH JHQGHU DQG%0, RQO\ERG\ IDW U  S  DQG FLUFXODWLQJ OHSWLQ U 
S ZHUH VLJQLILFDQWO\ DVVRFLDWHGZLWKYLVFHUDONNTP51$H[SUHVVLRQ 7DEOH:H
IXUWKHUWHVWHGWKHK\SRWKHVLVWKDWYLVFHUDONNTH[SUHVVLRQPD\SUHGLFWSDUDPHWHUVRIREHVLW\
IDW GLVWULEXWLRQ LQVXOLQ VHQVLWLYLW\ DQG JOXFRVH WROHUDQFH E\ PXOWLYDULDWH OLQHDU UHJUHVVLRQ
DQDO\VHV 7DEOH  7KHVH DQDO\VHV LGHQWLILHG YLVFHUDONNT H[SUHVVLRQ DV DJH DQG JHQGHU
LQGHSHQGHQW SUHGLFWRU RI%0, U  S ZDLVW FLUFXPIHUHQFH U  S 
YLVFHUDO IDW DUHD U  S  DQG  ERG\ IDW U  S  EXW QRW IDVWLQJ
 






LQVXOLQVHFUHWLRQ in vitro, LPSDLUHGJOXFRVHWROHUDQFHKLJKHUHSLJRQDGDOIDWPDVVDQGKLJKHU
VXVFHSWLELOLW\WRGLHWLQGXFHGREHVLW\8QWLOQRZDSRWHQWLDOUROHRI117LQKXPDQREHVLW\KDV
QRW EHHQ HVWDEOLVKHG +XPDQ JHQHWLF GDWD REWDLQHG IURP D JHQHWLF DVVRFLDWLRQ GDWDEDVH
KWWSJHQHWLFDVVRFLDWLRQGEQLKJRYDQG*:$6XVLQJ%0,DQGZDLVWFLUFXPIHUHQFHDVWUDLWV
KWWSZZZJZDVFHQWUDORUJJHQHUHJLRQSKHQRW\SHVGRQRW VXJJHVWJHQHWLFYDULDWLRQZLWKLQ
117EHLQJDPDMRUSOD\HU LQ WKHSDWKRSK\VLRORJ\RIREHVLW\RU LQVXOLQ UHVLVWDQFH +HUHZH
GHPRQVWUDWH WKDW NNT H[SUHVVLRQ LQ KXPDQ YLVFHUDO DGLSRVH WLVVXH LV DVVRFLDWHG ZLWK
SDUDPHWHUVRIREHVLW\DQGIDWGLVWULEXWLRQDQGPD\SOD\DUROHLQWKHGHYHORSPHQWRIREHVLW\
:HIRXQGDVLJQLILFDQWFRUUHODWLRQEHWZHHQVXEFXWDQHRXVDQGYLVFHUDO117JHQHH[SUHVVLRQ
EXWRQO\YLVFHUDONNTP51$ OHYHOVGLIIHUHGEHWZHHQ OHDQ DQGREHVH VXEMHFWV ,QDGGLWLRQ
RQO\ YLVFHUDO 117 H[SUHVVLRQ FRUUHODWHV ZLWK SDUDPHWHUV RI REHVLW\ IDW GLVWULEXWLRQ DQG











%DVHG RQ RXU GDWD ZH DUH QRW DEOH WR HVWDEOLVK D FDXVHHIIHFW UHODWLRQVKLS VLPLODU WR WKH




$73VHQVLWLYH SRWDVVLXP FKDQQHO DFWLYLW\ FRQVHTXHQWO\ OHDGLQJ WR LPSDLUHG JOXFRVH
VWLPXODWHG LQVXOLQ UHOHDVH LQ LVRODWHG LVOHWV DQG 0,1 FHOOV   ,QFUHDVLQJ QDWLYH 1QW
OHYHOV LQ %- PLFH E\ WUDQVJHQLF RYHUH[SUHVVLRQ UHVFXHG LPSDLUHG LQVXOLQ VHFUHWLRQ 
+RZHYHUKLJK1QWH[SUHVVLRQVHHPVWRUHSUHVHQWDGRXEOHHGJHGVZRUGDVEDFNFURVVK\EULGV
RI &%/- DQG GLDEHWHV VXVFHSWLEOH '%$PLFH UHYHDOHG WKDW KLJK 1QW H[SUHVVLRQ DQG
DFWLYLW\ LQ'%$PLFHFRUUHODWHGZLWK LQVXOLQK\SHUVHFUHWLRQ LQGLFDWLQJDSUHGLVSRVLWLRQRI
WKH'%$ VWUDLQ WR HDUO\ EHWD FHOO IDLOXUH DQG IXWXUH GHYHORSPHQW RI W\SH  GLDEHWHV 
0RUHRYHU $QGHUVRQ HW DO VKRZHG WKDW IRXUIROG KLJKHU 1QW H[SUHVVLRQ LQ LVOHWV RI
&%/.6- %/.6 PLFH ZKLFK GR QRW KDUERXU D PXWDQW 1QW JHQH PD\ VLJQLILFDQWO\





FRPSDUHG WR QRUPDO 1QW H[SUHVVLRQ OHYHOV  In vivo LQVXOLQ VHFUHWLRQ DQG JOXFRVH
WROHUDQFHJOXFRVHPHGLDWHGLQVXOLQVHFUHWLRQDQGLQVXOLQVHQVLWLYLW\ZHUHFRPSDUDEOHEHWZHHQ
%1DQG%-PLFH )XUWKHUPRUH WKH\FRXOGVKRZWKDWKLJK OHYHOH[SUHVVLRQRIQDWLYH





NNT H[SUHVVLRQ DQG LQFUHDVHG SODVPD LQVXOLQ FRQFHQWUDWLRQV GRHV QRW HVWDEOLVK D FDXVDWLYH
UROH RI 117 LQ WKH UHJXODWLRQ RI LQVXOLQ VHFUHWLRQ  :H IRXQG NNT H[SUHVVLRQ SULPDULO\






%- PLFH LV DVVRFLDWHG ZLWK KLJKHU HSLJRQDGDO IDW PDVV DQG KLJKHU VXVFHSWLELOLW\ WR GLHW
LQGXFHGREHVLW\7KXVLWFRXOGEHVSHFXODWHGWKDWKLJKHUH[SUHVVLRQRI117LQDGLSRVHWLVVXH
FRXOGEHEHQHILFLDO IRU SURWHFWLRQ DJDLQVW DEGRPLQDO IDW DFFXPXODWLRQ DQG VXEVHTXHQWO\ IRU
ZKROHERG\JOXFRVHPHWDEROLVP,Q3&UDWSKHRFKURPRF\WRPDFHOOVVL51$LQGXFHG1QW
VXSSUHVVLRQ UHVXOWHG LQ LQFUHDVHG R[LGDWLYH VWUHVV ZLWK VXEVHTXHQW LPSDLUPHQW RI
PLWRFKRQGULDO IXQFWLRQ LQLWLDWLRQ RI DSRSWRVLV UHVXOWLQJ LQ GHFUHDVHG FHOO YLDELOLW\ 
7UDQVORFDWLRQRIUHGR[VHQVLWLYHF-XQ1WHUPLQDONLQDVH-1.WRWKHPLWRFKRQGULRQGXHWR
GHFUHDVHG*6+*66* UDWLRV DQG LQFUHDVHG+2 OHYHOV KDYH EHHQ SURSRVHG DV XQGHUO\LQJ
PHFKDQLVPV  7KHUHIRUH KLJKHU 117 H[SUHVVLRQ LQ DGLSRVH WLVVXH FRXOG EH SURWHFWLYH
DJDLQVW DGLSRVH WLVVXH G\VIXQFWLRQ YLD UHJXODWLRQ RI UHGR[VHQVLWLYH VLJQDOLQJ E\+2 DQG
SUHYHQWLRQ RI PLWRFKRQGULRQ GHSHQGHQW LQWULQVLF DSRSWRVLV ,QFUHDVHG YLVFHUDO 117
H[SUHVVLRQ FRXOG WKHUHIRUH UHSUHVHQW D FRPSHQVDWRU\ PHFKDQLVP WR SURWHFW DGLSRVH WLVVXH
DJDLQVWDGLSRVHWLVVXHG\VIXQFWLRQDVVRFLDWHGZLWKLQFUHDVLQJIDWPDVVDQG%0,





IRXQG WKDWNNT H[SUHVVLRQ LVSULPDULO\ UHODWHG WRSDUDPHWHUVRIREHVLW\DQG IDWGLVWULEXWLRQ
ZKHUHDV DVVRFLDWLRQV EHWZHHQNNT DQG IDVWLQJ SODVPD LQVXOLQ FRQFHQWUDWLRQ RU K 2*77
JOXFRVHDUHQRWVLJQLILFDQWEH\RQGWKHUHODWLRQVKLSZLWK%0,RUERG\IDWPDVV7KHUHIRUHRXU




:H WKDQN (YD %|JH -HQQ\ 0HLQHU 'DQLHOD .R[ DQG 0DQXHOD 3UHOOEHUJ IRU WHFKQLFDO
DVVLVWDQFH 7KLV ZRUN ZDV VXSSRUWHG E\ JUDQWV RI WKH 'HXWVFKH )RUVFKXQJVJHPHLQVFKDIW
&OLQLFDO5HVHDUFKJURXS³$WKHUREHVLW\´.)2%/DQG./DQG)HGHUDO
0LQLVWU\ RI (GXFDWLRQ DQG 5HVHDUFK %0%) *HUPDQ\ ).= (2 1. 3. ZDV
IXQGHG E\ %RHKULQJHU ,QJHOKHLP )RXQGDWLRQ 1. DQG 0% FRQFHLYHG DQG GHVLJQHG WKH
H[SHULPHQWV -7+0. -.*)(67/0'DQG1. UHVHDUFKHGGDWD -7+0. -.*)







 *URWWLFN$-%DJQRO'3KLOOLSV6, et al.1HXURWUDQVPLVVLRQDQGFHOOXODUVWUHVVUHODWHG
JHQH H[SUHVVLRQ DVVRFLDWHG ZLWK SUHSXOVH LQKLELWLRQ LQ PLFH Brain Res Mol Brain Res 

 6OX\WHU ) 0DULFDQ && &UXVLR :( )XUWKHU SKHQRW\SLFDO FKDUDFWHULVDWLRQ RI WZR
VXEVWUDLQVRI&%/-LQEUHGPLFHGLIIHULQJE\DVSRQWDQHRXVVLQJOHJHQHPXWDWLRQBehav
Brain Res 
 6WLHGO25DGXORYLF-/RKPDQQ5, et al.6WUDLQDQGVXEVWUDLQGLIIHUHQFHVLQFRQWH[W
DQG WRQHGHSHQGHQW IHDU FRQGLWLRQLQJ RI LQEUHG PLFH Behavioural Brain Research 

 )UHHPDQ+&+XJLOO$'HDU17$VKFURIW )0&R[5''HOHWLRQ RI QLFRWLQDPLGH
QXFOHRWLGHWUDQVK\GURJHQDVH$QHZTXDQWLWLYHWUDLWORFXVDFFRXQWLQJIRUJOXFRVHLQWROHUDQFH
LQ&%/-PLFHDiabetes 
 *UHHQ 0/ 6LQJK $9 =KDQJ < 1HPHWK .$ 6XOLN .. .QXGVHQ 7%




 1LFKROVRQ $ 5HLIVQ\GHU 3& 0DOFROP 5', et al. 'LHWLQGXFHG 2EHVLW\ LQ 7ZR
&%/6XEVWUDLQV:LWK,QWDFWRU0XWDQW1LFRWLQDPLGH1XFOHRWLGH7UDQVK\GURJHQDVH1QW
*HQHObesity 
 .HUQ 0 .QLJJH $ +HLNHU -7, et al. &%/-5M PLFH DUH SURWHFWHG DJDLQVW GLHW
LQGXFHGREHVLW\',2Biochem Biophys Res Commun 









 7R\H$$/LSSLDW -'3URNV3, et al.$JHQHWLFDQGSK\VLRORJLFDO VWXG\RI LPSDLUHG
JOXFRVHKRPHRVWDVLVFRQWUROLQ&%/-PLFHDiabetologia 
 %HUQGW-.RYDFV35XVFKNH., et al.)DWW\DFLGV\QWKDVHJHQHH[SUHVVLRQLQKXPDQ
DGLSRVHWLVVXHDVVRFLDWLRQZLWKREHVLW\DQGW\SHGLDEHWHVDiabetologia 
 .ORHWLQJ1*UDKDP7(%HUQGW-, et al.6HUXPUHWLQROELQGLQJSURWHLQLVPRUHKLJKO\
H[SUHVVHGLQYLVFHUDOWKDQLQVXEFXWDQHRXVDGLSRVHWLVVXHDQGLVDPDUNHURILQWUDDEGRPLQDO
IDWPDVVCell Metab. 
 0HKWD5%LUHUGLQF$+RVVDLQ1, et al.9DOLGDWLRQRIHQGRJHQRXVUHIHUHQFHJHQHVIRU
T573&5DQDO\VLVRIKXPDQYLVFHUDODGLSRVHVDPSOHVBMC Mol. Biol. 
 .ORWLQJ 1 )DVVKDXHU0 'LHWULFK $, et al. ,QVXOLQVHQVLWLYH REHVLW\Am J Physiol 
Endocrinol Metab 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